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Heme is the essential constituent of many proteins involved in oxygen transport and 
cellular energy metabolism. Heme biosynthesis is catalyzed by eight enzymes 
compartmentalized to mitochondria or cytoplasm. 5 ・aminolevulinate synthase2 (ALAS2) is the 
first and rate-limiting enzyme of this pathway in erythroid cels. Mutations in ALAS2 gene are 
associated with X-linked sideroblastic anemia due to impaired heme biosynthesis. The objective 
of the present study is to identi今 hitherto unknown mechanisms that regulate the 白nction of 
human ALAS2 protein. We therefore searched for novel mutations in the ALAS2 gene that are 
informative for defining the functional domains in human ALAS2 protein of 587 amino acids. 
By sequencing analysis of the ALAS2 gene, we identified distinct mutations in two Japanese 
patients with X-linked sideroblastic anemia; the mutations identified are located in 1th exon, 
causing amino acid substitutions, Va1562Ala and Met567Ile. Incidentally, the Va1562 and 
Met567 are present near the C-terminal end of ALAS2, suggesting the functional significance of 
the carboxyl-terminal region of ALAS2 protein. In vitro assay for ALAS2 enzyme activity 
revealed that the catalytic activity of Va1562Ala mutant protein was two-fold higher than that of 
the wild-type ALAS2 and conversely the catalytic activity of Met567Ile mutant was about 30% 
ofthe wild-type ALAS2 activity. Importantly, the estimated half-life ofVa1562Ala mutant was 4 
hours, shorter than the half-life of wild-type ALAS2 (9.5 hours). In contrast, the half-life of 




the C-terminal region of ALAS2 may inf1uence not only its catalytic activity but also the 
stability of the enzyme protein. In this connection, the C-terminal region of 33 amino acids, 
including Va1562 and Met567, is highly conserved in vertebrates but not present in prokaryotic 
ALAS enzyme. Consequently, we analyzed the catalytic function of mutant proteins lacking the 
C-terminal end of ALAS2. The catalytic activity of a mutant protein with the deletion of 20 or 
33 amino acids 企om the C-terminus was two-fold higher than that of the wild-type ALAS2, 
whereas the deletion of 10 amino acids significantly reduced the catalytic activity (about 80% 
reduction). Thus, the C圃terminalregion of ALAS2 inf1uences the catalytic activity of the enzyme, 
consistent in part with the distinct functional consequences of the Va1562Ala and Met567Ile 
substitutions. In addition, we noticed that ALAS2 protein contains eight potential sumoylation 
sites. Sumoylation represents one of the post-translational modifications. Small ubiquitin-like 
modifier (SUMO) proteins covalently bind to a specific target protein, thereby regulating 
白nction， stability and localization of the target protein. We thus studied the potential 
sumoylation of ALAS2 protein by co-expressing GST-ALAS2 protein and SUMO 1 protein in 
E.coli cels. Westem blot analysis and mass spectrometry analysis confirmed the covalent 
interaction of ALAS2 with SUMO 1 molecule through multiple lysine residues of ALAS2. These 
lysine residues are located mainly in the amino-terminal region of ALAS2 protein. In conclusion, 
the carboxyl-terminal region of human ALAS2 protein may inf1uence its own catalytic activity 
and stability. In addition, the present study suggests the sumoylation of ALAS2 as a newly 
identified regulatory mechanism for ALAS2. The information obtained is invaluable in 
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赤芽球特異的アミノレプリン酸合成酵素 (erythroid-specific 5 -aminolevulina te 
synathase: ALAS-E または ALAS2)は赤芽球におけるヘム生合成系の律速酵素で、ヘモグロ
ビンにへムを供給する役割を担う。ヒト ALAS2 遺伝子は X 染色体上に位置し、その変異は
X 染色体連鎖鉄芽球性貧血 (X-linked sideroblastic anemia: XLSA) の原因として知られて




アミノ末端側の約 8 0 残基とカルボキシル末端側の約 3 0 残基のアミノ酸配列はほ乳類の
ALAS2 では保存されているが、原核生物の ALAS には存在せず、それらの領域の機能に関
しても不明な点が多い。
Senkottuvelan Kadirvel は 2 例の日本人の XLSA 患者の ALAS2 遺伝子において、タン
パク質のカルボキシル末端に近い領域に Va1562Ala 、 Met567Ile というアミノ酸置換を引き
起こす遺伝子変異を同定し、それらのアミノ酸置換が ALAS2 タンパク質の機能にどのよう
な影響を与えるかについて、分子生物学部的手法を用いて詳細に検討した。その結果、
Va1562Ala 変異は in vitro における酵素活性を低下させるが HEK293 細胞内におけるタン




とから、これらの変異は ln VIVO における酵素活性の低下をきたし、 XLSA の原因となりう
ると結論した。また、これらの変異が同定された領域の機能を明らかにするために、カルボ
キシル末端の 3 3 アミノ酸を欠失させた変異体を作成し、その酵素活性と HEK293 細胞内
におけるタンパク質の安定性を調べたところ、酵素活性は充進し、細胞内におけるタンパク
質の半減期は延長していたD これらの結果は、ヒト ALAS2 タンパク質のカルボキシル末端
部分の 3 3 残基が酵素活性と細胞内におけるタンパク質の安定性のいずれに関しでも内因
性の抑制因子として機能している事を示している。さらに Senkottuvelan Kadirvel は成熟
型ヒト ALAS2 のアミノ末端部分の機能解析にも取組み、この領域に small ubiquitin-like 
modifier (SUMO)分子が共有結合する可能性が高い事を明らかにした。一般に SUMO によ
るタンパク質の修飾は、修飾を受けるタンパク質の機能や細胞内局在に影響を与える事が知
られており、成熟型 ALAS2 タンパク質もそのアミノ末端部分が SUMO 化される事により
その機能が制御される可能性が示唆された。
Senkottuvelan Kadirvel のこれらの研究はヒト ALAS2 タンパク質の新たな発現制御機
構を明らかにするものであり、学術的にも重要である。よって，本論文は博士(医学)の学
位論文として合格と認める。
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